Recently it has been shown that the peak of the quarkonium entropy at the deconfinement transition is related to the emergent entropic force which destructs the quarkonium. Using the AdS/CFT correspondence, we consider dissociation of a moving heavy quarkonium by entropic force. We find that the entropic force destructs the moving quarkonium easier than the static case which is expected from perturbative weakly coupled plasma. By considering the Maxwell charge, we study the effect of medium on the destruction of heavy quarkonium. It is shown that the quarkonium dissociates easier in the medium. 
Introduction
In heavy ion collisions at LHC and RHIC, one of the main experimental signatures of the formation of a strongly coupled quark−gluon plasma (QGP) is melting of heavy quarkoniums [1] . They are expected to produce during the initial stages of the collision then give us significant information about the entire evolution of the QGP. For example, it was predicted that the heavy quarks of charm (c) and anti-charm (c), i.e. charmonium, is suppressed due to the Debye screening effects induced by the high density of color charges in the QGP. It was shown that at RHIC the charmonium suppression is stronger than at LHC while the density is larger at LHC [2, 3] . This is known as the puzzle on the suppression of the charmonium at RHIC and LHC. On the other hand, the melting of heavy quarkoniums are related to the deconfinement transition and Lattice QCD implies that there is a peak in the entropy of heavy quarkonium at the deconfinement transition. Recently, it was argued that the puzzle on the suppression of the charmonium is related to the nature of deconfinement [4] . This argument is based on the Lattice results which indicate a large amount of entropy associated with the heavy quark-antiquark pair placed in the QGP [5, 7] .
In the proposal of [4] , the entropy S which grows with the inter-quark distance L leads to the entropic force
here, T is the temperature of the plasma. This entropic force would be solution of the puzzle and is responsible to dissociate the quarkonium. The entropic force is an emergent force and does not describe other fundamental interactions. Based on the second low of thermodynamics, it originates from multiple interactions driving the system towards the state with a larger entropy. It was originally introduced in [8] and proposed by Verlinde that the entropic force may be responsible for gravity [9] . We will not discuss on this intriguing idea and restrict ourselves to its application in melting of quarkonium in the QGP.
Using the AdS/CFT correspondence is a new method for studying different aspects of the QGP [10] . This method has yielded many important insights into the dynamics of strongly coupled gauge theories. In this approach, the suppression of static charmonium has been studied in [11] and it was shown that the peak of the entropy emerges when the U-shaped string stretched between the heavy quark and antiquark touches the horizon of the black hole. From the correspondence, it means that in the boundary theory, the condensation of long strings will span the entire volume of the finite temperature system [15] .
In this paper, we extend the holographic studies of [11] to the case of a moving charmonium. Because in heavy ion collisions, charmonium which observed experimentally is moving with relativistic velocities through the QGP. We address behavior of moving charmonium at finite temperature and density and study how the deconfinement transition can be viewed as entropic self-destruction. We have studied before the effect of finite 't Hooft coupling corrections on the thermal width and imaginary potential of a moving heavy charmonium from holography in [12] . It was argued that by considering such corrections the thermal width becomes effectively smaller. It was found that the moving quarkonium dissociate easier than the static case in agreement with the QCD expectations [13, 14] .
First, we study the moving charmonium within two different theories: N = 4 supersymmetric Yang-Mills (SYM) theory where at zero temperature possesses conformal invariance, and pure Yang-Mills (YM) theory that possesses confinement-deconfinement phase transition at a critical temperature. We extend this study to the confinement/deconfinement phase transition in the presence of quark medium [25] . In this case, we study the entropic force in the medium composed of light quarks and gluons. At low temperature, the dual gravity to the hadronic phase is the thermal charged AdS space time. At high temperature, the geometry dual to the QGP is the AdS Reissner-Nordstrom AdS (AdSRN ) black hole. The the jet quenching parameter and the energy loss of a moving heavy quark in the background of AdSRN black hole are studied in [28] . Also melting of a heavy quarkonium in this background has been investigated in [29] . It was found there is a same mechanism for melting of quarkonium in the hadronic phase and in the QGP, i.e. the interaction between heavy quark and antiquarks is screened by the light quarks.
To study the moving quarkonium, it would be possible to consider different alignments for charmonium with respect to the plasma wind. They are parallel (θ = 0), transverse (θ = π/2) or arbitrary direction to the wind (θ). We study only parallel and transverse cases in this paper.
This paper is organized as follows. In the next section, we will present the general expressions to study the holographic entropic destruction of a moving quarkonium for (θ = π/2). For (θ = 0), we concern mainly on the final results and show related plots. In section three, we consider confining backgrounds. We study the entropy of the moving quarkonium in the presence of medium and in confining theory in section four. In the last section we will summarize our final results.
2 The entropic force of a moving quarkonium from holography
We begin by using the AdS/CFT correspondence to calculate the additional entropy associated with adding a color singlet heavy charmonium to the QGP. We assume the general background as follows:
here the metric elements are functions of the radial distance u and x i = x, y, z are the boundary coordinates. In these coordinates, the boundary is located at infinity. From the AdS/CFT correspondence, the coupling constant which is denoted as 't Hooft coupling λ is related to the curvature radius of the AdS 5 and S 5 (R), also the string tension (
We also assume that the quark−antiquark pair is moving with rapidity β. One should notice that in our reference frame the plasma is at rest. Then we boost the frame in the z direction with rapidity β so that dt = dt ′ cosh β − dz ′ sinh β and dz = −dt ′ sinh β + dz ′ cosh β. After dropping the primes, the metric becomes
We define new metric functions as follows:
where
One may consider the quark antiquark (QQ) pair to be aligned perpendicularly to the wind, in the
The distance between QQ pair depends on the velocity and angle, L(π/2, β), we call it L. The quarks are located at
The deepest point of the U-shaped string is denoted by u * ≡ u(x = 0). One finds from the action of the U-shaped string
The free energy of the QQ pair is equal to the on-shell action of the fundamental string in the dual geometry. The on-shell action of the connected fundamental string is given by F
(1) QQ as follows:
while for larger L, the fundamental string breaks in two disconnected strings. There is an important point for static long U-shaped strings, because it would be possible to add new configurations [16] . Therefore in the dual gauge theory, the quarks are screened. The free energy in this case is F (2) . As it was discussed in [17] , the choice of F (2) is not unique.
To calculate the potential of moving quark and antiquark pair, this free energy should be subtracted from (7) and choosing different free energies will change the dependency of the potential to the velocity of pair [18] . Following [17] and [19] , we consider configuration of two disconnected trailing drag strings [20, 21] . Therefore, the free energy is given by
The above generic formulas give the related information of the moving heavy quarkonium in terms of the metric elements of a background (2). In the same manner, one finds the related formulas if considers the QQ pair to be aligned parallel to the wind [23] .
To study the entropic destruction of moving quarkonium, we calculate the entropy as S = − ∂F ∂T . Then for QQ pair and screened quarks, one should calculate S
and S (2) = −∂F (2) /∂T , respectively. One finds that S (2) , the entropy of moving quarkonium for large distance of L, is similar to the static case. One concludes that for isotropic boundary field theory and asymptotic AdS geometries, the entropy of moving quarkonium would be the same as the static case. The important consequence of this observation is related to the the peak of the quarkonium entropy at the deconfinement transition. We find that this peak exists also for dynamical quarkonium. This observation confirms that the peak is related to the nature of confinement/deconfinement transition and is generic future of such theories. It would be interesting to check this result from Lattice QCD.
In the following, we consider N = 4 SYM theory to study behavior of quarkonium's entropy. Using the AdS/CFT correspondence, the dual metric functions to N=4 SYM are where the horizon is located at u h and the temperature of the hot plasma is given by u h = πR 2 T . By comparing F
(1) QQ and F (2) , one finds numerically if L > c T the quarks are completely screened where numerically the constant is found as c = 0.28. In this case with the inter-quark distance in Fig.  1 . In the left plot of this figure, the quarkonium is moving transverse to the wind while in the right plot is moving parallel to the wind. As it is clear in this figure, increasing the velocity of quark leads to stronger entropy at small distances. One should notice from (1) that the growth of the entropy with the distance is responsible for the entropic force. This force leads to destruction of the quarkonium. Because of increasing entropy at small distances, one concludes that the quarkonium will dissociate easier by increasing the velocity. Briefly, nonzero velocity leads to increase of the entropy at smaller distance of QQ pair. In Fig. 2 , we show that the enhancement is stronger when the quarkonium moves orthogonal to the QGP wind. Based on these results one finds that the moving quarkonium dissociates easier than the static ones in agreement with the experimental expectations.
However, in N = 4 SYM one finds a temperature-independent value for the entropy at large distances.
Entropy of a moving quarkonium in confining theory
To study entropic force behavior around the deconfinement transition, one should consider a theory which at zero temperature exhibits a confinement phase. For larger separation of quark and antiquark, the linear potential grows up and the string tension should be increased. This study has been done in the confining geometries from holography in [22] . From holography the free energy at large distance has been found in [11] . For example, one may consider the confining SU (N ) gauge theory based on N D4 branes on a circle [24] . Two fundamental parameters are a energy scale and temperature. In the vacuum of the theory at zero temperature, the color charge is confined and it exhibits linear confinement of quarks. The gravitational geometry dual to the vacuum is known analytically as
Here all dimensionful quantities measure in units of l which is a length scale related to the D4 brane. V 4 and ǫ 4 are volume of the unit S 4 and the associated volume form, respectively. Also
9R 2 demanding absence of a conical singularity at the tip of the cigar u k that is spanned by u and x 4 . In the deconfined phase, one should consider the black hole geometry as
here H(u) and the temperature are given by
The critical temperature is T c = 1 2πR . The theory for T > T c is deconfined and is given by (11) , whereas, for T < T c is confined and the gravity dual is described by (10) . We have studied the entropy of the moving charmonium transverse and parallel to the wind in this background. We find the same behavior for entropy as shown in figures (1) and (2) . The important behavior of the entropy in confining geometries is shown in Fig. 3 . As it was discussed in [11] , this behavior captures the characteristic behavior of the entropy which was found in lattice QCD [6] . We have discussed before that for moving or static quarkonium this behavior does not change.
Recently, the real-time dynamics of the dissociation of the quarkonium is studied by considering the holographic classical string falling in the black hole horizon [26] . Melting in this case means that for larger distances L, the gluon cloud around the quark and antiquark pair will eventually thermalize and become part of the plasma medium. Another possible mechanism for melting of the quarkonium is imaginary potential between quarks. By studying the perturbations of the U-shaped string near the horizon of the black hole, one can produce the imaginary part of the quarkonium potential which leads to melting of it. We argued in [27] that if u k > u h then the connected U-shaped string cannot go past u k and one cannot consider such fluctuations beyond u k . Then, for T < T c the imaginary potential vanishes while for T > T c it is not zero. Hence, we argue that one important mechanism for melting of heavy quarkonium in this setup would be the imaginary potential. It would be interesting to compare the competition between entropic force and imaginary potential for melting of mesons in this case. We leave this problem for further study.
Medium effect on the entropic force
In this section, we consider the confinement/deconfinement phase transition in the presence of quark medium and study how the medium composed of light quarks and gluons affect the entropic force. Two different phases are hadronic and QGP. At low temperature, the dual gravity to the hadronic phase is the thermal charged AdS spacetime. At high temperature, the geometry dual to the QGP is the AdSRN black hole. Recently from extremal AdSRN black holes, the drag force in a strongly-coupled boundary field theory at finite charge density and zero temperature has been studied in [30] . The Euclidean action which describes the five-dimensional asymptotic AdS spacetime with the gauge field is given by
Here κ 2 and g 2 are proportional to the five-dimensional Newton constant and the fivedimensional gauge coupling constant, respectively. The cosmological constant is also given by Λ = −6 R 2 . From the AdS/CFT correspondence, the density in the dual field theory is mapped to a bulk gauge field.
Here, we consider the high temperature phase which is deconfined phase and denoted as QGP. The gravity dual is given by here p(u) is given by
As before, the boundary is located at infinity and the geometry is asymptotically AdS with radius R. The black hole temperature (T ) and mass (m) are given by
where q is the black hole charge. The time-component of the bulk gauge field is A t (u) = i(2π 2 µ − Q u −2 ) where µ and Q are associated to the chemical potential and quark number density in the dual field theory. One finds from the Drichlet boundary condition at the horizon, A t (u h ) = 0, and Q = 2π 2 µ u h . Also Q = 3 2n q where
κ 2 is the color number. It is defined as ration of number of flavors to number of colors n = N F N C . The behavior of the entropy versus the quark and antiquark distance in the confining YM theory and finite density are shown in left and right plots of Fig. 3 , respectively. They are qualitatively the same as each other. However, at large distance the dependency of the entropy to the temperature of the plasma differs. The medium of light quarks and gluons is responsible for this behavior. It would be interesting to check this result from Lattice QCD, too. Although the model is not the real QCD and many assumptions have been considered to simplify the model, it captures the characteristic behavior of the entropy which was reported in lattice QCD.
We have also studied the effect of the medium on the entropy in Fig. 4 . In the left plot of this figure, the quarkonium is moving transverse to the wind. One finds the same physics as before, i.e by increasing the velocity of the quarkonium the maximum of the entropy happens at smaller distance. The same behavior can be seen from the right plot of this figure when the quarkonium is moving parallel to the wind. One finds from Fig. 5 that the entropy of moving quarkonium transverse to the wind is larger than the parallel case. Again Lattice QCD results should be compared to understand the physics.
To understand the effect of the finite density on the entropy, we compare Figs 1 and 5. It is clear that in the presence of medium, growing of entropy happens at smaller distance. Then one concludes that the moving quarkonium dissociates easier at finite density.
Conclusion
In this paper, we have studied destruction of a moving heavy quarkonium due to the entropic force from the AdS/CFT correspondence. In heavy ion collisions at RHIC and LHC, most of quarkonium observed experimentally are moving through the QGP with relativistic velocities. Because of the well known result that the QGP near the transition temperature is a strongly coupled system, using the AdS/CFT correspondence would be reliable. Using this method, the entropy of heavy quarkonium was studied in [11] . It was shown that for static quarkonium the strong peak in the entropy S near the transition point is related to the nature of deconfinement. From holographic point of view, S originates from a long string in the confining theory where at the deconfinement transition point is absorbed by a black hole. As it was discussed this peak is absent in the conformal gauge theory like N=4 SYM but emerges in a confining theory. One finds that the entropic force resulting from the distribution of heavy quarks is responsible for melting of meson. We discussed that another possible mechanism for meson melting would be the imaginary part of the potential between quark and antiquark. The entropic force is responsible for the diffusion of quarks in the plasma and it would be very interesting to study effect of different velocities of quark and antiquark for meson melting.
It was shown that this peak exists also for moving quarkonium. It would be interesting to study this phenomenon from perturbative QCD or Lattice techniques. This observation confirmed that the peak of the moving quark pair entropy at deconfinement transition is a generic feature of the holographic confining models.
We studied this phenomenon in N = 4 SYM theory where the theory does not possess a deconfinement transition and pure confining YM theory and AdSRN background black hole where the theory at T = 0 possesses confinement. To study the charge effect, we considered Maxwell charge which can be interpreted as quark medium. As the case of static quarkonium, we find that the entropy grows with increasing the inter-quark distance. We conclude that the quarkonium dissociates easier in the medium.
